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$\langle$rudder) $($ $=$ tail plate$)$
$t$ $dX/dt$ $\dot{X}$ $(x, y, z)$





$\lambda$ (dihedral angle) $\gamma$ ;
symbols and terminology in aircraft engineering
$M$ (mass) 200 $300$
$G$ (gravitation) $G=-gM:_{g}$
$T$ (thrust) $T=T_{L}+T_{R}$ ( $+$ engines)
$L$ (lift) $L=L_{L}+L_{R}$ ( $+$ lifts)
$D$ (drag) $D=D_{B}+Dw$ (body/wing)
$\phi$ $(roll/bank$ angle$)$
$\theta$ (pitch angle)



















$(v_{x}, v_{y}, v_{z}, \phi, \theta, \psi,\omega_{\phi},\omega_{\theta},\omega_{\psi})$ .
$\vee$
. $\omega_{\phi},\omega_{\theta},$ $\omega\psi$ ) : $(\omega_{\phi}, \omega_{\theta},\omega\psi)=(\dot{\phi},\dot{\theta},\dot{\psi})$
$G$ ( ) $T$( ) $L$ (
) $D=D_{W}+D_{B}(D_{W}$ $D_{B}$
$-v$ ) $P_{h}$ ( $\alpha$ ) $P_{v}$ ( $\beta$
) $P_{h}$ $P_{v}$
$Q_{a}j,$ $Q_{e}1,$ $Q_{ru}$ ( )
$L=|L|,$ $D=|D_{B}|,$ $P_{*}=|P_{*}|$ ( $*$ $h$ v)
( $\frac{1}{2}$ ) ; $V=(v_{x}^{2}+v_{y}^{2}+v_{z}^{2})^{1/2}$
$L=\rho V^{2}S_{W}C_{L}, D=\rho V^{2}S_{B}C_{D}, P_{*}=\rho V^{2}S_{*}C_{p}$. (2.2)





$C_{L}$ $\alpha$ ; $C_{D}$ $\alpha$
$L$ $\alpha$ $L=(\alpha_{m}+\alpha)\tilde{L}$





$\frac{L_{L}}{L_{R}}\approx\frac{\cos(\lambda-\beta)}{\cos(\lambda+\beta)}\Rightarrow L_{L}--L_{R}\simeq L\tan\lambda\sin\beta$ for $\beta\ll 1$ . (2.3)
( $\phi$ )
$\omega_{\psi}\neq 0$ $L_{L}$ $L_{R}$





$M\dot{v}_{x} =T\cos\theta\cos\psi-Dv_{x}/V-(\alpha_{m}+\alpha)\tilde{L}\sin\theta$ , (2.4)
$M\dot{v}_{y} =T\cos\theta\sin\psi-Dv_{y}/V-(\alpha_{m}+\alpha)\tilde{L}\cos\theta\sin\phi+\beta\tilde{P}_{v}$, (2.5)
$M\dot{v}_{z} =T\sin\theta-gM-Dv_{z}/V+(\alpha_{m}+\alpha)\tilde{L}\cos\theta\cos\phi+\alpha\tilde{P}_{h}$, (2.6)
$I_{\phi}\dot{\omega}_{\phi}=Q_{ai}-l_{W}(\alpha_{m}+\alpha)\tilde{L}[\tan\lambda\sin\beta+4(l_{W}/V)\omega_{\psi}]-\beta l_{v}\tilde{P}_{v}$ , (2.7)
$I_{\theta}$
$\theta$
$=Q_{e1}-\alpha l_{T}\tilde{R}$ , (2.8)
$I_{\psi}\dot{\omega}_{\psi} =Q_{m}-\beta l_{T}\tilde{P}_{v}$ . (2.9)
$(u_{x}, u_{y}, u_{z})$
$v_{x}=V_{0}(1+u_{x}) , v_{y}=V_{0}u_{y}, v_{z}=V_{0}u_{z}$ , (2.10)
$V_{0}$ $t=t_{0}$ $u_{*}$ 2
$V\simeq V_{0}(1+u_{x}),$ $v_{x}/V\simeq 1,$ $v_{y}/V\simeq u_{y},$ $v_{z}/V\simeq u_{z}$ (2.2) $L,$ $D,$
; $L_{0}$ $\tilde{L}_{0}$ $t=t_{0}$
$L\simeq L_{0}(1+2u_{x}) , D\simeq D_{0}(1+2u_{x}) , P_{*}\simeq P_{*0}(1+2u_{x})$.
$\theta,$ $\phi,$ $\psi$
2 $u_{x},u_{y},$ $u_{z}$ : $Sin\theta\simeq\theta,$ $\cos\theta\simeq 1,$
$Sin\alpha\simeq\theta-u_{z},$ $\sin\beta\simeq\psi-u_{y}$ (2.4) $(\alpha_{m}+\alpha)_{S}in\theta$ : $0$
$\alpha_{0}$ $t=t_{0}$ $\alpha$ $\alpha-\alpha_{0}$
$(\alpha_{m}+\alpha)\tilde{L}Sin\theta\simeq(\alpha_{m}+\alpha_{0})\tilde{L}_{0}\theta$ (2.6) (2.7) $(\alpha_{m}+\alpha)\tilde{L}\simeq$
$(\alpha_{m}+\theta-u_{z})\tilde{L}_{0}+2(\alpha_{m}+\alpha_{0})\tilde{L}_{0}u_{x},$ $(\alpha_{m}+\alpha)\sin\beta\simeq(\alpha_{m}+\alpha_{0})(\psi-u_{y})$





$\{\begin{array}{l}L’=\tilde{L}_{0}/MV_{0}, L_{d}’=(\alpha_{m}\tilde{L}_{0}-gM)/MV_{0}, D’=D_{0}/MV_{0},T’=T/MV_{0}, T_{d}’=(T-D_{0})/MV_{0}, \Lambda’=l_{W}\tilde{L}_{0}\tan\lambda/I_{\phi},Q_{0}’=4l_{w}^{2}\tilde{L}_{0}/(V_{0}I_{\phi}) , P_{h}’=\tilde{P}_{h0}/MV_{0}, P_{v}’=\tilde{P}_{v0}/MV_{0},Q_{v}"=l_{v}\tilde{P}_{v0}/I_{\phi}, Q_{h}’=l_{T}\tilde{P}_{h0}/I_{\theta}, Q_{v}’=l_{T}\tilde{P}_{v0}/I_{\psi},Q_{ai}’=Q_{ai}/I_{\phi}, Q_{e1}’=Q_{e1}/I_{\theta}, Q_{ru}’=Q_{ru}/I_{\psi}.\end{array}$ (2.13)
1] $t=t_{0}$ $x$- $\alpha$ $\alpha_{0}$
$t_{0}\leq t\leq t_{0}+\Delta t$





(2.11) (2.12) $A_{0},$ $b_{0}$
$A_{F},$ $b_{F}$ $A,$ $b$
$A=A_{0}+A_{F}, b=b_{0}+b_{F}$ . (3.1)
i)
ii) ( ) iii)









$l_{D}$ $(x, y, z)$
$(-F_{*}\sin(\alpha_{F}+\theta), -F_{*}\cos(\alpha_{F}+\theta)\sin\phi, F_{*}\cos(a_{F}+\theta)\cos\phi)$ $(*$
L $R$)
$(-l_{F}(F_{L}-F_{R}) \cos\alpha_{F}, -l_{B}(F_{L}+F_{R}) \cos\alpha_{F}, -l_{F}(F_{L}-F_{R})\sin\alpha_{F})$ ,
(3.2)




$F_{*}=f_{*}\alpha_{F}\tilde{F}$ ( $*$ $L$ $R$)
$T$ $=T/2$ $T*=$ (l $+$ e$*$ )
$0\leq f_{L}, f_{R}\leq 1, -0.5\sim<e_{L}, e_{R}\lessapprox 2\sim 3$ , (3.3)
$(e_{L}, e_{R} )$ $f_{\pm}^{d}=^{ef}f_{L}\pm f_{R},$ $e_{\pm}^{d}=^{ef}e_{L}\pm e_{R}$
$M\dot{v}_{x}$ $=$ (r.h.s. in $(2.4)$ ) $-f+\alpha_{F}\tilde{F}\sin(\alpha_{F}+\theta)$ , (3.4)
$M\dot{v}_{y}$ $=$ ( $r$ .h.s. in $(2.5)$ ) $-f+\alpha_{F}\tilde{F}\cos(\alpha_{F}+\theta)\sin\phi$, (3.5)
$M\dot{v}_{z}$ $=$ (r.h.s. in $(2.6)$ ) $+f_{+}\alpha_{F}\tilde{F}\cos(\alpha_{F}+\theta)\cos\phi$, (3.6)
$I_{\phi}\dot{\omega}_{\phi}$ $=$ (r.h.s. in $(2.7)$ ) $-f_{-}l_{F}\alpha_{F}\tilde{F}\cos\alpha_{F}$ , (3.7)
$I_{\theta}\dot{\omega}_{\theta}$ $=$ ( $r$ .h.s. in $(2.8)$ ) $-f_{+}l_{B}a_{F}\tilde{F}\cos\alpha_{F}+(2+e_{+})l_{D}T_{2}$ , (3.8)
$I_{\psi}\dot{\omega}_{\psi}$ $=$ (r.h.s. in $(2.9)$ ) $-f_{-}l_{F}\alpha_{F}\tilde{F}\sin\alpha_{F}+e_{-}l_{E}T_{2}$ . (3.9)
$\alpha_{F}$ (3.9) $e_{-}l_{E}T_{2}$




$A_{F}=$ $(00000000000000000000000000000000000000-f+F_{ae}0-f_{+}F_{ac}000-f_{+}F_{ac}000000000.000000000000000000000000000)$ , $b_{F}=(\begin{array}{l}-f_{+}F_{a\epsilon}0f+F_{ac}000-f_{-}H_{\phi ac}-f+H_{\theta ac}+(2+e_{+})T_{\theta}’-f_{-}H_{\psi ae}+e_{-}T_{\psi}\end{array})$
(3.11)
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$\{\begin{array}{ll}F_{ac}=(\tilde{F}/MV_{0})\alpha_{F}\cos\alpha_{F}, F_{ae}=(\tilde{F}/MV_{0})\alpha_{F}\sin\alpha_{F},H_{\phi ac}=(l_{F}\tilde{F}/I_{\phi})\alpha_{F}\cos\alpha_{F}, H_{\theta ac}=(l_{B}\tilde{F}/I_{\theta})\alpha_{F}\cos\alpha_{F},H_{\psi a8}=\cdot(l_{F}\tilde{F}/I_{\psi})\alpha_{F}\sin\alpha_{F}, T_{\theta}’=l_{D}T_{2}/I_{\theta}, T_{\psi}’=l_{E}T_{2}/I_{\psi},\end{array}$ (3.12)
(2.13) $T’$ $T_{d}’$
$T’=(2+e_{+})T_{2}/MV_{0}, T_{d}’=[(2+e_{+})T_{2}-D_{0}]/MV_{0}$ . (3.13)
4
(2.11) (3.10)
$U=e^{A(t-t_{0})}U_{0}+ \int_{t_{0}}^{t}e^{A(t-t’)}b(t’)dt’$ . (4.1)
$U_{0}$ $t=t_{0}$ $A$
$b$ (4.1) $t-t_{0}$
$U$ $A$ $tarrow\infty$ $U$
$A$ Hensel
$A$ $b$
: $L’,$ $L_{d}’,$ $D’,$ $\Lambda’,$ $P_{h}’,$ $P_{v}’,$ $Q_{0}’,$ $Q_{h}’,$ $Q_{v}’,$ $Q_{v}",$
: $\alpha_{m0}$ ,
(42): $\phi_{\mathfrak{g}j},$ $\theta_{e1},$ $\psi_{ru},$ $e+(arrow T’, T_{d}’,T_{\theta}’),$ $e_{-}(arrow T_{\psi}’)$ ,




$\alpha_{m0}$ , $e_{+}$ ,
$A$ $X$ $|XI_{9}-A|/X=C(X)=$









$+Q_{h}’\cross$ $(T^{\prime 2}Q_{v}^{/}-6T’D’Q_{v}’+5D^{\prime 2}Q_{v}’+10$ terms$)$ .
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$C_{0},$ $C_{1}$ $C(X)$ $Q_{v}’=0$ $Q_{h}’=0$ 2
$C(X)$ Hensel $Q_{h}’$
Hensel $Q_{h}’$ $Q_{v}’$
“ ” $C(X)$ $\alpha_{m0}$ , $e+$ ,




$kg,$ $m,$ $s$ kilogram, meter, second $g$
$\rho_{0}$ $g=9.81m/,$ $\rho_{0}=1.29kg/m^{3}$ ($0^{o}C$ ) $\rho$
5500 $m$ $\rho_{0}$
250 ( $150+$ & 100) 50m (
)50m $6m$ ;
$I_{\phi},$ $I_{\theta},$ $I_{\psi}$
$\{\begin{array}{l}M=250000kg, S_{W}=350, S_{B}=1000, S_{p}=100m^{2},l_{W}=12, l_{E}=10, l_{D}=1.5, l_{T}=30, l_{v}=6m, \lambda=30^{o},I_{\phi}=1.8\cross 10^{7}, I_{\theta}=4.0\cross 10^{7}, I_{\psi}=4.8\cross 10^{7}kgm^{2}.\end{array}$ (4.4)
$\rho=0.5kg/m^{3}$ 900 $($ $250m)$
$C_{p}$ $C_{p}=C_{L}$ (2.13)
$L_{d}’=0$ $\alpha_{m}\tilde{L}_{0}=gM\simeq 2.45\cross 10^{6}kgm/_{0}$ [1] $\alpha$ $\beta$
$1^{o}$ 0.11 lradian
$6.90x10^{7},1.97\cross 10^{7}(kgm/s^{2})$ $\alpha_{m}\simeq 0.0355$ $rad=2.035deg$
$\ovalbox{\tt\small REJECT}=0$ $T=D_{0}\simeq L_{0}/10\Rightarrow D_{0}\simeq 2.45x10^{5}kgm/s^{2_{o}}$ $\tilde{P}_{h0}=\tilde{P}_{v0}=(S_{p}/S_{W})\tilde{L}_{0}\simeq$
$1.97\cross 10^{7}kgm/d_{\circ}$ $L’\simeq 1.10/s,$ $T’=D’\simeq 0.00392/s,$ $P_{h}’$ $=$ , $\simeq 0.315/s,$
$\Lambda’\simeq 26.5/s^{2},$ $Q_{0}’\simeq 8.83/s^{2},$ $Q_{h}’\simeq 14.8/s^{2},$ $Q_{v}’\simeq 12.3/s^{2}$ , Qv// $\simeq$ 6.57/
( $+$ ) ( $+$ ) ( $+$ )
$\{\begin{array}{l} :50 (flaP), 10 (aileron), 20 (elevator), 20 (rudder) m^{2},\alpha_{F}=0.30rad. (17.20^{o}) , l_{F}=10m, l_{B}=4m, l_{ai}=20m,\end{array}$ (4.5)
;
$F_{*}=\alpha_{F}\tilde{L}_{0}(S_{F}/S_{W})\simeq 1.48\cross 10^{6}kgm/s$
$F_{ac}\simeq 0.023/s,$ $F_{u}\simeq 0.0067/s$ $b$
$A$ $L’=1.10,$ $D’=0.0039,$ $T_{2}’=0020,$ $P_{h}’=$
0.315, $P_{v}’=0.315,$ $\Lambda’=26.5,$ $Q_{0}’=8.83,$ $Q_{h}’=14.8,$ $(Q’$ $=12.3,$ $Q_{v}"=6.67,$ $F_{ac}=$
0.023, $F_{a\epsilon}=0.0067$, $\overline{C}(X, \alpha_{m0},e_{+}, f_{+})$ $\alpha_{m0}=0$
$\overline{C}$ Taylor $\alpha_{m0}=0.001$
$C(X, 0.001, 0,0)$ $(\#(a, b)$ $a+bi$ $)$ :
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$X^{8}+1.746X^{7}+27.57X^{6}+22.39X^{5}+182.2X^{4}+1.491X^{3}-0.000784X^{2}-1.35e-5X-2.9e-9,$
$ $(-0.7095, \pm 3.781),$ $\#(-0.1592, \pm 3.504)$ , -0.007481, -0.003371, 0.002881, 0.0002192.







$\alpha_{m0},$ $e+$ , $\tau$
( $\tau$ 1 )
$\tilde{A}(\tau)^{d}=^{ef}A_{1ow}+\tau A_{high}$ , where $A=A_{1ow}+A_{high},$ $A_{1ow}=A(e_{+}=f_{+}=0)$ . (4.6)
$A_{1ow}$ : $A_{1ow}v_{i}^{(0)}=\zeta_{i}v_{i}^{(0)}$
$(i=1, \ldots, 9)$ $\tilde{A}(\tau)$ $\lambda_{i}(\tau)$ $v_{i}(\tau)$ $\tau$ :
$\lambda_{i}(\tau)=\zeta_{i}+\tau\lambda_{i}^{(1)}+\tau^{2}\lambda_{i}^{(2)}+\cdots,$ $v_{i}(\tau)=v_{i}^{(0)}+\tau v_{i}^{(1)}+\tau^{2}v_{i}^{(2)}+\cdots$ (4.7)
$\lambda_{i}(\tau)$ $\tilde{C}(X, \tau)=|XI_{9}-\tilde{A}(\tau)|$ $\tilde{C}(\lambda_{i}(\tau), \tau)\equiv 0(mod \tau^{k+1})$





$\lambda_{1}(\tau)$ $=$ $\zeta_{1}-\tau R_{1,1}-\tau^{2}[R_{2,1}+R_{1,1}(q^{1}\cdot R_{1})]$
(4.8)
$-\tau^{3}[R_{1,1}(q^{1}\cdot R_{2})+R_{2,1}(q^{1}\cdot R_{1})-R_{1,1}^{2}(q^{2}\cdot R_{1})-R_{1,1}(q^{1}\cdot R_{2})^{2}].$
$R_{l,1}$ $(q^{m}\cdot R_{l})(l=1,2)$
$R_{l,i} def=\frac{\tilde{C},(\zeta_{i})}{\tilde{C}_{0}’(\alpha_{i})} (i=1, \ldots, 9) , R_{l}def=t(R_{l,2}, \cdots, R_{l,9}) , (l=1,2)$ (4.9)
$q_{j} def=\frac{1}{\zeta_{j}-\zeta_{1}} (j=2, \ldots, 9) , q^{m}def=(q_{2}^{m},\cdots, q_{9}^{m}) (m=1,2, \ldots)$ , (4.10)
inner product : $(q^{m}\cdot R_{l})def=q_{2}^{m}R_{i,2}+\cdots+q_{9}^{m}R_{l,9}$ . (4. 11)
$R_{1,1}$ $R_{2,1}$ $R_{1,1}+\tau R_{2,1}$
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$(A_{1ow}+\tau A_{high})(v^{(0)}+\cdots+\tau^{j}v^{0)})\equiv(\zeta+\cdots+\dot{d}\lambda^{0)})\cdot(v^{(0)}+\cdots+\tau^{j}v^{0)})$ $(mod \tau^{j+1})$
$j=0\Rightarrow\ldots\Rightarrow k-1$ (
$i$ ) $j=k\geq 1$
$A_{1ow}v^{(k)}+A_{hi\phi}v^{(k-1)}=\zeta v^{(k)}+\lambda^{(1)}v^{(k-1)}+\cdots+\lambda^{(k-1)}v^{(1)}$. (4.12)







Hensel $X^{d}\tau^{e}(\tau$ $\alpha_{m0},$ $e_{+},$ $f_{+}$
) $d+re$ ($r$ )
“ “
$u$
$\overline{C}(X,u)=X^{n}+\overline{C}_{n-1}(u)X^{n-1}+\cdots+\overline{C}_{0}(u)$, $\max\{|\overline{C}_{n-j}(0)||j\geq 1\}=1$ . (4.13)
$\overline{C}(X,\alpha_{m0}, e_{+}, f_{+})$ Hensel
$f_{+}=[T’- D’]$/ $f_{+}arrow f_{+}’+[T’-D’]/F_{ac}$











1 $f_{+}arrow f_{+}+0.0043478$ $Xarrow 0.19046X$ $Xarrow$
$X+7.4044e-6$ $\overline{C}(X, \alpha_{m0}, e_{+}, f_{+})$ $X^{d}\tau^{e}$- $\overline{C}_{d+e}(d+e\leq 2)$ .
$\overline{C}_{0}$ $=2.370e-20,$
$\overline{C}_{1}$ $=$ $-1.681e-14X-4.272e-17f_{+}+7.629e-$ ls $e++6.799e-14\alpha_{m0},$





( Hensel ) :
$\overline{C}(X, u)\equiv\tilde{C}^{(k)}(X, u)\hat{C}^{(k)}(X, u)$ $(mod (X, \tau)^{k+1})$ , $\hat{C}^{(k)}(X, u)=X^{3}$ . (4.15)
(4.14) $\overline{C}_{0}=\overline{C}_{1}=C_{2}=0$ $k$
2 $\hat{C}^{(k)}(X, u)$ 3
$\hat{C}^{(k)}(X, u)$ 2 ;






$+X^{0}\cross$ (only terms of total-degrees $\geq 3$ ).












Hensel “ ” ( $0$ )
Hensel
4.3 $\overline{C}(X, 0,0,0)$ 4
A
$B$
A $\alpha_{m0}$ $e_{+},$ $f_{+}$ 50
“ ”
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